WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 

C12P 21700 // 19/26, C12N 15/62, C12P 
15/81 



Al 



(11) International Publication Number: WO 99/60152 

(43) International Publication Date: 25 November 1999 (25.1 1.99) 



(21) International Application Number: PCT/F199/00410 

(22) International Filing Date: 12 May 1999 (12.05.99) 



(30) Priority Data: 
981099 



18 May 1998 (18.05.98) 



FI 



(71)(72) Applicant and Inventor: NAKAROW, Marja 1F1/FI]; 
Nevanderinkatu 12 A 8, FIN-00100 Helsinki (FI). 

(74) Agent: OY JALO ANT-WUOR1NEN AB; Iso Roobertinkatu 
4-6 A, FIN-00120 Helsinki (FI). 



(81) Designated States: AU, CA, JP, US, European patent (AT, BE, 
CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, MC, 
NL, PT, SE). 



Published 

With international search report. 



(54) Title: PROCESS FOR SIALYLAT1NG GLYCOPROTEINS 
(57) Abstract 

The present invention relates to genetic engineering, and provides a novel process for sialylating glycoproteins. In the process said 
proteins are incubated with recombinant yeast cells expressing a sialyltransierase enzyme as a fusion protein with HsplSOA carrier in the 
porous cell wall. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under thePCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


S! 


Slovenia 


AM 


Armenia 


Fl 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


CE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


CN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BK 


Burkina Vzso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BC 


Bulpari; 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UC 


Uganda 


BY 


Bclaru: 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


n 


Italy 


MX 


Mex ico 


uz 


Uzbekistan 


CF 


Centra) African Republic 


JF 


Japan 


NE 


Niger 


VN 


Viet Nam 


CC 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


ZW 


Zimbabwe 


CI 


C6)C d'lvoirr 


KP 


Democratic People': 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


Chin;i 


KR 


Republic of Korei 


PI 


Portugal 






CU 


Cub;. 


KZ 


Kazakstan 


RO 


Romania 






CZ 


Czech Rrpubii. 


LC 


Saint Lucie 


KU 


Russian Federal ion 






DL 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EK 


Estonia 


LR 


Liberia 


SG 


Singapore 







PCT/F199/00410 



WO 99/60152 



Process for sialylating glycoproteins 
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The present — relates to P- ^^ 
efficien, ..ess for sialyl ^^Z^L en Z yme 

Background of the invention 

♦ c ripoirad to be manufactured in cultured cells by . 
Mo st P-^^^l. wh ,ch car. seated in 
genetic engmeenng ar s „ W P ^ ^ have 

their authentic form. The host cell, a , Ande rsen and 

Goochee. ,994; James ^ ^ deslalylates 

like yeast, fungal and insect cells, or _ ^ 

„ protein product after ^^^^ ce „s Is often 
re comb,nan, mammalian proteins ^ 6 J m ^ 1991; Pate , 

, , nc0 mple,e, or not a— ^ CH0 and BH K- 21 

„ a , 1992; Ma,ore **. « _ ^ ^ ^ ^ ^ ^ „ 
cells lack a funeral 0 2.6 s,aly ^ glycopt „,eins «ith 

proteins. J~ sialic acid residues may o. 
both residues (Lee et at., 1989). ua dea rance rate from 

• may no, - ~ b io,o S ica, ^ ^sed terminal 
, h e blood stream is drama„cally increaSe< \ , comprom ising 

lactose residues are removed from ^^a el a,., 

L effect of the pharmaceutical proteins (Fukuda * a-.. 1989, 

1993; Szkudlinski et a/., 1993). 

30 , ^ are tvpe II transmembrane glycoproteins anchored 

Authentic sialyltranslerases are type ^ a 

,o the 6olg, membrane. Th Walnwrjght , 1995) (see 
short N-terminal segment the cytoplasm (Field 
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Fig 1) We have constructed a Saccharomyces cerevisiae strain, which ex- 
presses the ectodomain of rat liver a2,3-sialyltransferase (ST3N e ) as a fusion 
protein (Mattila et al., 1996). Glycosyltransferases like many mammalian sec- 
retory proteins are retained in the endoplasmic reticulum (ER) in yeast (Krez- 
5 dorn et a/.. 1994). Thus we linked ST3N e to the C-terminus of the Hsp150A 
polypeptide, which consists of the 321 N-terminal amino acids of the natural 
secretory glycoprotein Hsp150 of yeast (Russo et a/., 1992). The Hsp150A 
polypeptide has been shown to promote proper folding and secretion compe- 
tence of several foreign proteins in S. cerevisiae (Simonen et al., 1994 and 
10 1996; Makarow, US patent No. 5.677,172). The 162 N-terminal amino acids of 
the Hsp150 protein also promote folding of foreign proteins and confer them 
secretion competence. Thus the Hs P 150A carrier is defined as an N-terminal 
fragment of the translation product of the HSP150 gene, having 162 to 321 
amino acid residues. The Hsp150A-ST3N e fusion protein was efficiently sec- 
15 reted in enzymatical.y active form, but adhered tightly to the yeast cel. wall 
(see Fig 1). Incubation of the recombinant yeast cells with N-acetyllactos- 
amine and CMP-Neu5Ac resulted in a2,3-sialylation of the disaccharide, 
demonstrating that the substrates as well as the product penetrated the cell 
wall efficiently (Mattila era/., 1996). Previously, heterologous proteins have 
20 been immobilized in the yeast cell wall e.g. by a fragment of the yeast a-ag- 
• glutinin protein (Schreuder et al., 1993). whereas in here, the fusion prote.n as 
such is bound to the cell wall. 



25 



30 



Summary of the invention 



In this invention we show that, surprisingly, also whole glycoproteins can pe- 
netrate easily the yeast cell wall and reach the ST3N activity. Several desialyl- 
ated mammalian glycoproteins were shown to be sialylated by incubating them 
with the whole living recombinant yeast cells, which express a sialyltransferase 
enzyme as a fusion protein with HsplSOA carrier in the porous cell wall. 
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ln this ^ wh0 ,e sac — , - . 

ecodomain o, ra, live, ^"^"J^l J iv e contorma- 
were u sed ,o complement ^ prolhrombin and 

,ions. incubation o. me yeas. * « * » CMP . Neu6Ac ,o the terminal 

-* — * ,rans,e r:r; - 9 ci The ^ - *. 

ga ,ac,ose ^ues o, N . ace ty,,ac,osamin e - 

ye as, cell wall-borne enzyme £ CMP sT3N e produced ,n 

lact o-N-.e„acse were s,m,lar to «K,se ^ ^ 

sialylation of glycoproteins. 

Detailed description of the invention 

« of the invention is illustrated by the experimental 

rat liver a2,3-sialyltransf erase (ST3N e ). 

0 

Brief description of the drawings 

m . v* «- - st3n ^ mMmM> in 

25 q uence the cytoplasm (CPV We P ^ ^ c _ lermlnus ot me 

ye ast cells as a tusion prote, a * * « , s (ransport . 

HsptSOA polypeptide (wavy M). * »"* ^ ^ ,o 

ed to the exterior ol the yeast plasma membrane <PM). 

the cell wall (CW). 

30 , nf rciNeuBAc to asialofetuin and asialomucin by whole 

RBur. 2. Transfer of jp ^ ^ wa , (A) Duplicate samples 

yeast cells expressing H»p1«>^^ ^ ^ rf CMp _ 

of yeast strain H626 were incubated for 1 
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[ 14 C]Neu5Ac and asialofetuin (closed circles), with completely sialylated fetuin 
(open circles), or with asialomucin (diamonds). Parental yeast cells (H23) were 
incubated with asialofetuin (open squares). All incubations were in the presen- 
ce of 10 mM NaN 3 . (B) Asialofetuin was incubated as above with NaN 3 (closed 
circles), or with 40 mM DTT (closed squares), or with 4% glucose (open cir- 
cles), or with 4% glucose and 40 mM DTT (open squares). TCA-precipitated 
radioactivity is plotted against incubation time. 

Figure 3. MALDI-TOF mass Spectra of the N-glycans. Oligosaccharides 
liberated from asialofetuin (A), or from asialofetuin incubated for 4 h (B) or 8 h 
(C) with H626 cells. In (A), signals were assigned to nonsialylated triantennary 
glycans (m/z 2008, [M+H]"; m/z 2030, (M+Na] + ) and nonsialylated biantennary 
glycans (m/z 1665, [M+Na] + ). In (B) and (C), monosialylated biantennary (m/z 
1956, |M+Na] + ; m/z 1978, [M-H+2Na]*); monosialylated triantennary (m/z 
2321, [M+Na] + ; m/z 2343, [M-H+2Na] + ); disialylated triantennary (m/z 2612. 
[M+Nar; m/z 2634, [M-H+2Na] 4 ; m/z 2656. [M-H+3Na] + ) and trisialylated 
triantennary glycans (m/z 2903, [M+Na] + ; m/z 2925, [M-H+2Na] + ) were detec- 
ted. The asterisk (*) designates matrix adducts typical to this mode of analysis 
(Nyman et a/., 1998). 

Materials and methods 

Strains and media. S. cerevisiae strains H23 (Mata his3-11, 15 Ieu2-3,112 
trp 1-1 ade2-1 can1-100 hsp150::URA3) and H626 (Mata his3-11,15 Ieu2- 
3,112 ade2-1 can1-100 hsp150::URA3 TRP1::HSP150A-ST3N e ) (Manila et 
ai, 1996) were grown at 24°C in YPD medium consisting of 1% yeast extract 
(Oxoid Ltd., UK), 2% bacto peptone (Difco, Detroit. Ml) and 2% glucose (BDH 
Pharmaceuticals Ltd.. UK), or in synthetic complete (SC) medium (Simonen et 
ai, 1994) lacking tryptophane for selection. 

Sialyltransf erase assays. Duplicate samples of 5 x 10 7 whole living yeast 
cells were incubated in 70 pi of 50 mM imidazole buffer, pH 7 (glycoproteins), 
or of 50 mM Tris-maleate buffer, pH 6.7 (oligosaccharides), either with 0.2 
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x of pmp r«ClNeu5Ac (294 mCi/mmol, Amersham Interna- 
nmol (100000 cpm) of CMP-l ojimbud^ v 

1, Buckinghamshire. UK, or * saturating concentre «— ^ 
pmp NeuSAc (Sigma, St. Louis, MO), and varying amounts of the acceptor 
CMP -Neu5Ac (S 9 de1errninati0 n of intracellular plus extra- 

substrates, ,n a haKer a C. ^ ^ ^ 

cellular ST3N activity, 5x10 ceus were y 

(Mat .i,a e, a, 1M 6) prior to the sialyltransferase assay. Beco— ST N. 
0 34 mU) produced in S» cells (Calbiochem-Novabiochem. U J* OA) 
ITincu a ed a, 37°C in 20 * of 50 mM MOPS buffer, pH 7.5, containing 1 * 
11 and 0 06 nmol o, CMP-rONeu5Ac (28500 cpm, or seating concen- 

ITo, unlabelled CMP-Neu5Ac. and different amounts of tbe acceptor 
substrate. After sialylatron. the proterns were precipitated w«h 20 A TCA for 30 

In ,ce and collected on filters for sdnfillation counting. 0,^ ^es 
we ,e applied on columns of Dowex AG 1 (acetate form, B.oRad. Hercules, 
CA and Dowex 50 (HMorm. Fluka. Switzerland,. Neutra, oligosacchan es 
„e e eluted with 4 ml o. water and ^oligosaccharides with 20 ml o, 0.5 M 
I; c a id , R en k onen a, a, 1*1,. and subiected to epilation count,, 
; e n. asiaLuin. asialoprothrombin. asialomucln. lacto-N-tetraose and N- 
Ullactosamine were from Sigma. St. Uuls. MO. transferrin rom 
Ih Bed Cross. Helsinki. Finland, and prothrombin from ICN, Au^Oh,^ 
O slalylation o, prothrombin and transferrin was performed ,n OA* H*». 
,„r 1 h a. 80-C (Sp.ro. i960,, whereafter the preparations were neu * d 
and ultrafiltrated us.ng Centricon devices (cu, of, 30 W » remove the re- 
leased Neu5Ac residues and the ions. 

.sola.ion of N-glycans. After siaiylation. the profeins were desalted on rever- 
' red ase HPUC and the fractions dried in a vacuum cenfrifuge. The sampies 
lore dissolved ,n ,0 u, o. 20 mM sodium phosphate, pH 7.2. 
SDS and boiled tor 3 mrnutes. After cooling. 75 » of 20 mM sodium phos- 
phate pH 72,0,1 of 10% OOP and 1 U o, N-glycosidase P (Boehnnger 
L r« „H Germany) were added and the mixtures were incubated a. 
n Mannheim GmbH, Germany; wc n^puit* 
37°C for 3 days Proteins and detergents were removed using a BondElut 
37 C tor d aayb. samDles were diluted 

C18-co.umn (Ana.ytichem Internat.onal, CA, USA). The samples 
I 300 p. with water prior to .oadino, onto the column, and the g,cans were 



WO 99/60152 PCT/F199/0041 0 

6 

eluted with 1 .5 ml of water. Buffer salts were removed by drop-dialysis against 
water on VSWP 02500 membranes (Millipore, Bedford, MA, USA) (Bornsen et 
a/., 1995). 



Mass spectrometry and CD spectroscopy. Matrix-assisted laser desorption/ 
ionization time-of-flight (MALDI-TOF) mass spectrometry was performed on a 
Biflex™ instrument (Bruker-Franzen Analytik, Bremen, Germany) equipped 
with a nitrogen laser operating at 337 nm. N-glycans were analyzed in the 
linear positive ion delayed extraction mode by using 2,4,6-trihydroxyaceto- 
phenone (THAP, 3 mg/ml in acetonitrile/20 mM aqueous diammonium citrate, 
1:1) as matrix. Samples were prepared by mixing 0.5 jj\ of drop-dialysed oli- 
gosaccharide solution (see isolation of N-glycans) and 0.5 pi of THAP matrix 
on the target plate, and immediately dried under vacuum to produce a thin 
homogenous matrix (Papac et a/., 1996). This mode of analysis causes little 
loss of NeuSAc residues, and may be used for rapid quantitation of both sialy- 
lated and neutral oligosaccharides in a mixture (Nyman et a/ M 1998). The 
mass spectra were externally calibrated with Dextran 5000 (Fluka BioChemica, 
Switzerland). CD spectroscopy was performed using a JASCO J-720 spectro- 
polarimeter. The spectra were recorded in the far UV region (190-259 nm). 
Each spectrum was the mean of five scans obtained with a time constant of 
1 s and a speed of 20 nm/min. 

Kinetic studies. The determinations were according to Lineweaver-Burke. 
To determine the activity of Hsp150A-ST3N e , H626 cells (5 x 10 7 ) were incu- 
bated with 0.4 mM lacto-N-tetraose and 10 mM CMP-Neu5Ac. The superna- 
tant was subjected to ion exchange chromatography over the Dowex columns 
and the eluates were concentrated and chromatographed over a Superdex® 
Peptide PC 3.2/30 column (Pharmacia, Sweden) (Nyman et a/., 1998). The 
oligosaccharides were quantitated against external lacto-N-tetraose (Sigma) 
and NeuNAc (Sigma). 
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Results 



Transfer of ["C]NeuSAc to N-glycans of asialoglycoproteins. 

Au.hen.ic bov,ne plasma fetuin (M. 48 KD) carries three N-glycans (Sp.ro, 
,973- Rice at a/.. 1990). To study whether asialofetuin could penetrate the 
veasi cell wall and be sialyla.ed by the ST3N acMty. fetuin was desialyla.ed 
by mild acid hydrolysis, and incubated with CMP-I"ClNeu5Ac and the recom- 
binant yeas, cells. Sodium azide was included in the reaction mixture to bk>cK 
intracellular protein transport to the ceil wai, or medium. Samples were remo- 
ved a. dmeren, t,mes, the ceils were pelleted and the supernatants sub,ec«ed 
,o precipitation with trichloro acetic acid (TCA). Scintillation counting showed 
that the precipitated radioactivity increased with time (Fig. 2A, closed crcles). 
The precipitated rad,oactivity was confirmed by mass spectrometry to be fetuin 
wi , h covalently linked ,"C,NeuBAc residues ,see below). Very 
remained cell-associated, showing that the sialylated protein and CMP-I C]- 
NeuSAc did not adhere to the cells. When completely sialylated fetuin was 
incubated with the yeas, cells (Fig. 2A, open squares,, or when a*ialo.e.u,n 
was incubated with the parental yeas, cells lacK.ng the HSP150A-ST3N gene 
(Fig 2A open circles), no radioactivity couid be precipitated. Authentic fe.um 
nas' ,n addition ,o N-glycans, two O-glycans which have two NeuSAc resi- 
dues each (Spiro, 1973). Sialylation by Hs P 1 50A-ST3N, was specific for N- 
glycans. since no ("qNeuSAc could be transferred to asialomucln, wh,ch 
carries only O-glycans (Fig. 2A, diamonds). 

The sialylation of asialofetuin was enhanced when the incubation with the 
recombinant yeas, cells was carried out in the presence of dithiotreito, (DTT, 
(Fig 2B. cosed squares). DTT apparently increases the porosity of the cell 
wall of S. cerev/s/ae by reducing disulphide bridges, thus increased efficency 
o, sia,yla„on was My to result from enhanced penetration of asialofetuin ,nto 
j the yeas, cel. wall. Next we allowed Hs pl 50A-ST3N, to be synthesized and 
transported to ,he cell wall during the assay by omitting sodium az.de and 
adding glucose to the reaction mixture. This resulted in doubling o, [ C)-s,a y- 
,a,ion of asialofe,uin (F,g. 2B, open circles). When the recombinant yeas, cells 
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were incubated in the absence of sodium azide with both DTT and glucose, 
[ 14 C]-sialylation of asialofetuin was further increased (Fig. 2B, open squares). 
Also larger proteins like bovine prothrombin (M w 73.6 kD) and human transfer- 
rin (M w 79.6 kD) could be [ 14 C)-sialylated, after removal of their NeuSAc resi- 
dues, by the recombinant yeast cells (Table 1). No radioactivity could be TCA- 
precipitated when the completely sialylated forms of these proteins were used 
as the acceptor substrate (Table 1). 

Efficiency -of sialylation. Next we quantitated the degree of sialylation of the 
asialoglycoproteins. Two of the three N-glycans of fetuin are triantennary and 
one is biantennary, and thus asialofetuin has 8 terminal galactose residues 
(Spiro et a/., 1973; Rice et a/., 1990). Asialofetuin and saturating concentra- 
tions of unlabeled CMP-Neu5Ac were incubated for 4 h in the presence of 
NaN 3 with the recombinant yeast cells expressing Hsp150A-ST3N e . The cells 
were removed by pelleting, and the N-glycans were released by N-glycosida- 
se F digestion and analysed by MALDI-TOF mass spectrometry (Fig. 3). In 4 
hours, 31.7% of the terminal galactose residues were sialylated (Fig. 2B). 
When a parallel cell suspension was pelleted after the 4 h incubation, and the 
supernatant incubated for another 4 h with a fresh batch of yeast cells and 
CMP-Neu5Ac (Fig. 3C), 55.3% of the galactose residues were sialylated, 
demonstrating that both completely and incompletely desialylated protein 
bound N-glycans could be sialylated. When the incubation was prolonged to 
16 h, NeuSAc was bound to 61.3% of the terminal galactose residues (not 
shown). A similar overnight incubation of asialotransferrin resulted in sialylation 
of 41 .5% of the exposed galactose residues. To ensure that desialylation of 
fetuin, prothrombin and transferrin by mild acid hydrolysis had not denatured 
the proteins, we subjected them to circular dichroism spectroscopy. The 
spectra of the sialylated and desialylated preparations were superimposable 
(data not shown). 

Kinetic properties of Hsp150A-ST3N e . Finally we compared the kinetic pro- 
perties of yeast cell wall Hsp150A-ST3N e and recombinant ST3N e produced in 
insect cells. The values for asialofetuin, lacto-N-tetraose and N-acetyllac- 
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.osamine were simitar CTabie 2A>. The revive ratios demonstrated 
that both enzyme preparations preferred ,acto-N-tetraose (type 1: a*1- 
33 cl» over N-acetyttactosamine and asiaiofetuin «p. * <^1-4G,cNAc, 
Lie 2B) The K. vaiue of Hs P 150A-ST3N« for CMP-NeuSAc was s,m„ar to 
1st re o„ed brothers to, recombinant ST3N, from insec, ce„s and authen- 
tic isolated ra, iiver ST3N (Tabie 2B>. A one me, overnight cuKure coning 

,8 g (dry weigh,) o, yeas. ceiis contained 117 mU of ST3N aCrv,ty (lacto-N- 

tetraose as acceptor). 

According to the data presented here, whoie iiving Sac^omyce ~*ae 
ce,,s expressing the cafaiytic ectodomain of ra, ST3N as a Hsp1 S0.-ST3N, 
tus ,on p,o,ein in ,he porous ceit wait provide a convenlen, and inexpens,ve 
source o, ,he ,rans,erase. The .ransferase needs no, ,o be purified for use, 
and neUher has ,he sialyia.ed P ro,ein product to be separated from ,he ,rans- 
.erase. PurKied „ans,e,ases have a limKed iife,ime, wherea«er a*y . -~ 
whereas our recombinant yeas, cetis provide a se„-perpe,ua,,ng source o, ,he 

enzyme. 



20 



Table 1. Transfer o, TdNeuSAc ,o prothrombin and transferrin. The sialyi- 
a„on assay was performed in the presence of NaN 3 as described in the Le- 

gend of Figure 1 . 





Time 


Protein-bound {"C]Neu5Ac (cpm) 




25 


(h) 


Prothrombin 


Asialoprothrombin 


Transferrin 


Asialotransferrin 




2 


292 


3856 


428 


994 




4 


657 


9016 


341 


1885 



30 
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Table 2. Kinetic parameters of various ST3N preparations. The values and 
the relative V^/K^ values are given for the indicated acceptor substrates. 
(The highest value for V^/^ is 100). In (A) CMP-Neu5Ac was available in 
saturating concentrations, and the protein or sugar substrate in varying con- 
centrations. In (B), lacto-N-tetraose was available in saturating concentra- 
tions, and varying concentrations of CMP-Neu5Ac up to 10 mM were mixed 
with a constant amount of CMP-[ 14 C]Neu5Ac. Enzyme preparations: 
Hsp150A-ST3N e in the wall of yeast cells; recombinant ST3N e from insect 
cells (rST3N e ); authentic ST3N from rat liver. 



(A) 





Asialofetuin 


Lacto-N-tetraose 


N-acetyllactosamine 








K^M) 








Hsp150A-ST3N e 


42.7 


5.8 


51.00 


100 


717.7 


5.9 


rST3N e 


34.4 


10.9 


43.0 


100 


1014 


11.3 



(B) 





K„, OjM) for 


Reference 




CMP-Neu5Ac 




Hsp150A-ST3N t 


55.0 


this work 


rST3N e 


74.1 


Williams et al., 1995 


ST3N 


57.3 


Gross et al., 1989 
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Claims 

1. A process for sialylating glycoproteins, comprising incubating said proteins 
with recombinant yeast cells expressing a sialyltransferase enzyme or a frag- 
ment thereof as a fusion protein with Hsp150A carrier. 

2. The process according to claim 1, wherein the recombinant yeast cells 
express the catalytic ectodomain of rat liver a2,3-sialyltransferase (ST3N e ). 

3. The process according to claim 1, wherein the transformed yeast cells are 
Saccharomyces cells. 

4. The process according to claim 3, wherein the transformed yeast cells are 
Saccharomyces cerevisiae cells. 

5. The process according to claim 1, wherein the incubation is carried out in 
the presence of dithiotreitol. 

6. The process according to claim 1, wherein the incubation is carried out in 
the presence of glucose. 

7. The process according to claim 1. wherein the incubation is carried out in 
the presence of dithiotreitol and glucose. 
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